By SHERIDAN DELEPINE, M.B.
(1) INTRODUCTION. IN studying the mode of spread of any infectious disease it is always necessary to keep in mind the complexity of the conditions influencing or determining the occurrence of infection. To the pathologist an infectious disease is invariably the result of the action of an invading or parasitic organism upon an invaded organism or host.
The occurrence of a case of "tuberculosis vera " may be taken as absolute proof that Koch's bacillus has penetrated and multiplied in the tissues of an individual in whom it has caused the symptoms and lesions which we associate with tuberculosis. The converse is not true, and we cannot say that the presence of tubercle bacilli in a locality, or even within the body of an individual, is invariably followed by the production of tuberculosis. This sequence is probably the exception. The occurrence of cases of infectious disease is not determined only by the presence of the essential causal agent, but also by the co-operative agency of various factors, some of which become, under certain circumstances, so important that they more or less completely overshadow the essential cause. This is particularly noticeable in the case of diseases, such as tuberculosis, which are caused by widely-distributed microbes. If, whenever the opportunity of infection occurred, the bacillus were abundant or virulent enough, and its possible victims were in a receptive state, there would be very few persons free from tuberculosis among civilized communities.
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The importance of predisposing factors is often so great that not a few clinicians and administrators have given but scant attention to the essential cause. It must be acknowledged that in many cases it is possible to obtain excellent results by dealing thoroughly with predisposing causes, and often there is no other course open to us. It is, however, never safe to disregard, even temporarily or partially, the causa causans, because it is a variable factor, and may, under the influence of various circumstances, acquire infective powers exceeding the average. Neither is it safe to trust entirely the action of natural or artificial curative agencies. Recoveries from infectious diseases may be apparent or real, and do not invariably result in so great a reduction in the number of infective centres as might be expected. Recoveries brought about by natural processes introduce also an additional elemnent of complexity in our estimates of the incidence of various infectious diseases.
In studying the conditions which influence the prevalence of any infectious disease, we must therefore take account of the possible action of a great number of factors which may roughly be grouped into the following categories:-Distribution and habits of the infecting parasite.
Conditions influencing the quantity of the parasite. Conditions influencing the virulence of the parasite. Opportunities and channels of infection. Conditions influencing the resistance of the possible host. Proportion and completeness of recoveries. I have thought it necessary to make these few preliminary, and I might almost say commonplace, remarks to make it clear that I have no illusion regarding the completeness of the facts upon which this communication is based. I must also at this stage explain that it is not my intention to enter upon a discussion of the relations of bovine to human tuberculosis. I am fully convinced of the unity of human and bovine tuberculosis-a unity which does not preclude variations. I believe that, both in man and in cattle, infected food is an important conveyer of tuberculous infection, and that the milk of cows suffering from tuberculous mastitis is the most important means of transmission of bovine tuberculosis to the infant.
The relations between human and bovine tuberculosis were originally the main object of my investigation, but, having defined my position, I will not refer to the matter again, and will deal only with bovine tuberculosis. The subject which I have selected is, I believe, interesting in itself, alnd may be looked upon as belonging to a branch of epidemiology which might be termed "experimental or comparative epidemiology."
(2) TUBERCULOSIS OF THE UDDER IN RELATION TO TUBERCULOSIS OF OTHER ORGANS. Cows affected with tuberculosis of the udder are, in the majority of cases, suffering also from more or less advanced tuberculosis of other organs. I have personally examined post-mortem the organs of a great number of cows affected with tuberculous mastitis, and in only one case out of nearly 100 have I failed to discover tuberculous lesions of internal organs. In three more cases out of the same number the internal lesions were limited; in the great majority of cases they were extensive. Out of more than 300 cows suffering from tuberculosis of the udder, and examined by several veterinary surgeons, only four have been reported to me as having been free from any other tuberculous lesions. Primary tuberculosis of the cow's udder would therefore appear to be of rare occurrence.
Tuberculous mastitis is not common in young cows. I estimate that about 90 per cent. of the animals suffering from this lesion are middleaged or old cows-i.e. cows over four or five years of age. I regret not to be able to give more definite information on this point, which is not without importance; but, in the absence of any regular system of registration and inspection of cows, it is practically impossible for a veterinary surgeon to ascertain the exact age of all the cows inspected by him during an occasional visit to a farm. An experienced man can, however, estimate rapidly and fairly accurately whether a cow is young or old. It is mostly upon data gathered in this way, more especially by Mr. J. W. Brittlebank, whose experience in such matters is well known, that my opinion regarding the age of cows is based.
From personal observations made between the years 1896 and 1898 I came to the conclusion that in about 3'7 per cent. of all 'cows suffering from tuberculosis of any organ the udder was affected with tuberculosis. TJhis estimate was rather higher than those made at the time by three well-known veterinary authorities, but subsequent experience has shown me that even my estimate was barely high enough. It may therefore be safely assumed that for each cow affected with tuberculous mastitis there are on an average about twenty-seven cows with tuberculous I " Prevention of Tuberculosis in Cattle," Veterinarian, Lond., 1899, lxxii, pp. 453, 528, 683. lesions of other organs. From the facts collected in this brief summary it seems reasonable to infer:
(1) That the presence of a tuberculous udder on a farm is in the great majority of cases evidence that there is on that farm at least one cow suffering with advanced, or fairly advanced, tuberculosis.
(2) That the number of cows found affected with tuberculosis of the udder in a district may be taken as a rough index of the probable number of tuberculous cows in that district.
A study of the conditions influencing the prevalence of tuberculous mastitis has therefore distinct bearing upon the whole problem of bovine tuberculosis. The importance of this conclusion depends on the facts: (1) that tuberculous mastitis can, by bacteriological methods, be diagnosed with great accuracy; (2) that no other accurate method is at present available for estimating approximately the relative prevalence of bovine tuberculosis in the various parts of any extensive area; and (3) that, through the work done in Manchester, we are now in possession of a large mass of reliable data regarding the incidence of tuberculous mastitis in a considerable area (nearly 5,000 square miles).
If systematic tuberculin testing of all cattle could be practised it would be easy, in a comparatively short time, to obtain more complete data, notwithstanding the fact that the tuberculin reaction often fails in old cattle suffering from advanced tuberculosis; but this simple method was not available fourteen years ago, when I began this investigation.
The testing of milk for the presence of tubercle bacilli, though it does not indicate directly the total number of tuberculous animals, has an advantage over the tuberculin test in that it reveals the cows that are the most dangerous to human health.
(3) COLLECTION OF DATA; EXAMINATION OF SAMPLES OF MILK;
INSPECTION OF COWS AND SHEDS. A short statement of the manner in which the Manchester Milk Clauses (1899) have been administered under Dr. Niven's direction during the last eleven years will make clear the nature of the evidence upon which my statistics are based.
Samples of cows' milk are taken by the food and drugs inspector from the milk-cans on their arrival at the railway stations or elsewhere within the city. Each milk-can contains the milk of several cows, and for this reason the milk obtained from it is termed " mixed milk." The source of each of these samples is carefully recorded. They are submitted to microscopical examination and tested by inoculation. The farms supplying milk found capable of .producing tuberculosis are inspected; the cows are examined by the veterinary inspector, who takes a sample of milk from each udder that appears to him diseased and possibly affected with tuberculosis. These samples of unmixed milk are tested bacteriologically, and when any is found capable of producing tuberculosis, this is taken as a proof that the corresponding cow is secreting tuberculous milk, and that it is in all probability suffering from tuberculous mastitis. The farmer is required by the medical officer of health to isolate the cow or cows producing tuberculous milk, and at the same time he is advised to have the animal slaughtered in the presence of the veterinary inspector. As this advice is followed in the majority of cases, opportunity is afforded to verify the accuracy of the bacteriological finding, and an important source of infection is removed.
With the sanction of the Health Committee I had from the first certain information relating to each farm and to each cow dealt with entered on forms which I provided for that purpose. Dr. Niven has kindly furnished me with additional data whenever it was possible for him to do so, and with his sanction I have also obtained from Mr. Brittlebank valuable information regarding the state of the inspected cows and cowsheds, and the exact position of the farms which were not clearly indicated on the ordnance map. As a detailed account of my methods and results has recently appeared in the Thirty-Eighth Annual Report of the Local Government Board,' it would not serve any useful purpose to burden this communication with similar details. This report-the scope of which was indicated to me by Dr. Newsholme-contains an account of: (1) Experiments which I made between the years 1892 and 1908; (2) methods which I devised before 1895 for administrative purposes; (3) results of the examination, for various sanitary authorities, of 7,000 samples of milk, carried out in my laboratory between the years 1896 and 1908; (4) sources of the tubercle bacilli found in the milk examined; (5) distribution of the farms supplying tuberculous milk. Some details not included in the above report are given in another paper which I read last November before the Manchester Statistical Society.2
For the present purpose it will be sufficient to reproduce here tabulated statements of the results obtained in connexion with the ' Supplement containing the Report of the Medical Officer for 1908-9, pp. 341 to 414. 
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Manchester milk supply only. In the following tables I have brought up to date the returns published in the report and communication mentioned above by the addition of the figures relating to the years 1908 and 1909:- This table shows that up to the end of 1909 the udders of 1,082 cows, among those that had been examined clinically by the veterinary surgeon, showed signs of being possibly affected with tuberculosis, and that of these 1,082 udders 290 were proved to be capable of producing taberculosis in guinea-pigs by inoculation. One thousand six hundred and thirteen farms were therefore among them tested 4,382 times, and were found on 414 occasions to supply tuberculous milk. In the group of farms retested are included farms which were not found tuberculous when first tested, but were found tuberculous afterwards. Tables I, II , and III are of great interest from an administrative point of view. Table I shows that in the three years 1896 to 1899 (exclusive) 17'2 per cent. of the cans of milk arriving in Manchester contained tuberculous milk capable of infecting experimental animals, and that the average for the three years ending with the year 1909 had been reduced to 6'36 per cent. This result had been in great part obtained by the removal from the herds supplying Manchester of some 290 cows (Table II) proved by bacteriological examination to be suffering from tuberculosis of the udder, and by sanitary measures promoting the health of the cows. The effect of these measures is also indicated in Table III , which shows that the number of farms supplying tuberculous milk is now less than half of what it was in 1900. In order to find out whether this improvement was not attributable to influences other than the active supervision exercised by the Manchester authority, I selected three quite separate districts, situated respectively in the northern, eastern, and southern parts of the area from which Manchester obtains milk; I then compared the frequency of tuberculous infection of the milk sent from the farms in each of these districts to Manchester, and of the milk sent from neighbouring farms situated in the same districts to other towns. All the samples of milk used for this comparison having been collected according to the same methods, and examined in my laboratory during the same period, the results are strictly comparable. The results are summed up in the following short table: It will be noticed that in each case the amount of tuberculous milk reaching Manchester was materially less than that reaching other towns, notwithstanding the fact that originally the milk sent to Manchester from the same districts was infected even to a greater extent than the milk supplied to the four other towns during the years 1906 and 1907. It is also clear that the cows kept respectively in the northern, eastern, and southern districts were very unequally affected with tuberculosis.
The results recorded in Tables I to IV show clearly that the skilful administration of the Manchester milk clauses by our President has brought about a very great improvement in the Manchester milk supply. It is not, however, with this aspect of the question that the present communication is concerned, but with the indications which the figures previously quoted supply regarding the distribution of tuberculosis. They indicate clearly:
(1) That various districts are very unequally infected with tuberculosis.
(2) That bovine tuberculosis is preventable to a very material extent.
(3) That at least some of the conditions against which preventive measures have been directed are of importance in relation to the prevalence of bovine tuberculosis. For the purpose of ascertaining the distribution of tuberculous farms in the region dealt with I have prepared maps in which the position in each of the farms that have been tested between 1896 and 1909 is indicated. I have subdivided these maps, which are based upon the "one-inch-to-the-mile " ordnance map, into one-square-mile areas. These geometrical areas are much more convenient for this kind of investigation than the larger and unequal areas corresponding to administrative districts, the shape of which is also too irregular to allow of accurate comparison being made. The one-square-qnile areas are grouped in one-mile-broad longitudinal zones, numbered consecutively from west to east, and in one-mile-broad latitudinal zones, numbered from north to south. The exact position of each one-square-mile area may therefore be accurately determined by two numnbers. To facilitate reference I have grouped the longitudinal zones into four-mile-broad zones, each of which is designated by a capital letter. The latitudinal zones are grouped in the same way, and each four-mile-broad latitudinal zone is numbered with a Roman numeral.
The position of each of the tested farms was spotted on this map. The position of the farms which were not indicated by name in the ordnance map has been determined with the assistance of Mr. Brittlebank, whose intimate knowledge of the various districts under consideration has been of very great value to me. Notwithstanding the trouble taken to indicate as accurately as possible the position of the farms not shown in the ordnance map, it was obviously impossible to avoid a certain amount of error; this probably does not exceed quarter of a mile, and in the great majority of cases is much less. In Map I all the farms tested or inspected between 1896 and 1909 are marked; those which have been found tuberculous at one time or another during the thirteen years are indicated by black spots; those that have not once produced tuberculous milk are indicated by rings. The farms in each square are numbered for the purpose of reference.
In summing up the facts brought out by this map I will avoid any reference to the political divisions of the areas under investigation, as this would serve no useful purpose, and might, as it has done on a previous occasion, give rise to unnecessary annoyance and misconception.
In Table V the situation of the various districts is indicated by the letters and numerals corresponding respectively to the longitudinal and latitudinal four-mile zones. It does not include eighty-nine farms which were tested between June, 1909, and December, 1909 . The addition of these ninety farms brings the total of inspected farms to 1,613, of which 344, or 213 per cent., have at one time or another during the last thirteen years been found to produce tuberculous milk. The addition of the eighty-nine farms does not alter the percentage previously arrived at.
Table V brings out clearly the very unequal distribution of tuberculosis of the udder. To obtain comparable numbers of farms I have, where necessary, grouped together adjacent zones. The effect of this is to reduce the contrast between the best and the worst districts, but, as all the farms in each district have not been tested, this obliteration of excessive contrasts tends to make the figures more reliable. Manchester is included in the latitudinal zones XVII and XVIII; nearly all the farms in that zone are situated either within the town boundary or in the neighbourhood of the town. On nearly 16 per cent. of these farms cows with tuberculous udders have at one time or another been found.
In the sixteen-mile-broad group of Zones IX, X, XI, and XII ( 
22-5
In Zones XXVII, XXVIII, XXIX, XXX, and XXXI the percentage was In attempting to discover the causes which have brought about this unequal distribution it is necessary to consider the possible influence of a number of factors. The area under consideration is not extensive enough to allow of such marked climatic differences as might reasonably be expected to have brought about the unequal distribution of the disease. There is no obvious relation between the distribution of the disease and the geological features of the various districts. I have not, however, analysed yet the facts sufficiently fully to be in a position to express a final opinion upon this point. With regard to the topography of the area there is one coincidence which at once calls for notice. A great part of the land in the region south of Manchester, where tuberculosis was very prevalent, is distinctly at a lower level, on an average, than the northern regions, where tuberculosis was less prevalent. A cursory glance at the map shows, however, that there are several highlevel districts that are much affected, and many low-lying districts where farms are comparatively free from infection. To study the influence of altitude and other physical features of the land, I have prepared a map of Lancashire and Cheshire (Map II) in which the rivers, the 300 ft. and the 1,000 ft. contour lines are shown. These data are sufficient to indicate broadly the elevation and configuration of the surface of the land in 1most of the districts in which the farms are situated. The course of the rivers in the lowest regions may be taken to indicate the parts where excessive dampness may be expected. On the same map I have indicated in each square-mile area the number of farms tested, and the number of those which have been found tuberculous at one time or another, between 1896 and 1909. This map shows, therefore, the proportion of farms that have been found tuberculous out of the total number examined in each square-mile area, and at the same time the altitude, in each area and its relation to streams.
The information obtainable from this map is summed up in Table VI , according to the same plan as the general results of the inspection of farms have been tabulated in Table V . The number of farms included in Table VI is smaller than in Table V , because Map II takes up only the western slopes of the Pennine Chain in the regions corresponding to Lancashire and Cheshire. This map includes an area containing 1,234 farms out of a total of 1,613 tested up to the end of December, 1909. The percentage of farms found tuberculous in the total area and in the area shown in the map is as follows:
1,613 farms, of which 344 were tuberculous, or 213 per cent. Area sbown onMapII 1,234 ,, ,
It is therefore probable that the area shown in the map represents fairly the total area. The advantage of selecting the western slopes of the Pennine range is that all that region is exposed to very similar climatic conditions. A comparison of Tables V and VI leads one to the conclusion that the greater prevalence of bovine tuberculosis in the districts situated south of Manchester cannot be attributed only to the effects of difference of altitude or of the dampness of the soil attributable to the neighbourhood of rivers. The average percentage of tuberculous farms was: On or near the banks of rivers ...
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On lands at a level not exceeding 300 feet 
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On lands at a level of 300 to 1,000 feet ... ... The differences between the extremes of this series are small compared with the difference between 10'5 per cent. in northern Lancashire and the adjacent Yorkshire districts, and 29'7 per cent. in a region south of Manchester. The farms situated above the 300-ft. line are apparently less liable to tuberculosis than the farms situated below that line, but the difference between 21'3 per cent. and 19 2 per cent., which indicate respectively the average number of tuberculous farms for the whole area and for the farms situated on high grounds, is not very great. A closer examination of the results recorded in Table VI shows still more clearly that the influence of the difference of altitude under consideration is not a dominating factor. If one excludes from consideration the groups consisting of less than ten farms, it will be found that in each altitude there are groups that are comparatively free, while others are extensively affected. The differences between the minima and the maxima relating to each altitude are considerable. Thus, the least affected group of farms (6 per cent.) is found among those situated near the banks of rivers, but in the same category is also found the group showing the highest percentage of tuberculous farms-454. The same contrasts are observed in all categories. It is interesting to note that the maxima indicate the same tendency to improvement as the altitude increases, as is shown by the averages. It is, however, quite clear that some more powerful influence than that of situation must be found to explain the considerable differences which I have previously indicated.
(6) INFLUENCE OF THE STATE OF THE COWSHED AND HERDS.
Much has been said of the share taken in the spread of tuberculosis by badly constructed, small, ill ventilated, and otherwise insanitary shippons, of the liability to tuberculosis of certain breeds of cattle, of the pernicious influence of " close breeding for high milking," of the effects of heredity, &c., &c. Although very strong opinions have been expressed by practical and other men upon each of these points, it is difficult, not to say impossible, to discover any satisfactory record of facts in their support.
In the hope of obtaining more definite information, I asked Mr. Brittlebank to give me certain particulars regarding some 400 farms inspected by him. The particulars asked for were the following: State, age, construction, sanitation, cubic capacity, ventilation, cleanliness of cowshed; number of cows kept; how much kept in the open; special breed; state of cows; how long kept on the farm; average age; stability of stock; precautions taken to avoid the introduction of diseased animals; arrangements for dealing with diseased animals and preventing the spread of disease.
I was aware of the difficulty of obtaining definite or accurate answers to many of the questions included in my schedule, but I thought it desirable to ascertain to what extent attention was paid to the various conditions which might affect the health of the cattle. It may at once be said that several of my questions remained unanswered for the simple reason that they referred to matters which, generally speaking, had not received proper attention from the farmer. Thus there is no evidence that, apart from reliance on general appearances and judgment based upon practical experience, farmers as a rule adopt any reliable method to avoid the introduction of diseased animals atnong their herds, or that they make, of their own accord, systematic provision for the isolation or disposal of tuberculous animals. It appears also difficult to obtain very reliable information with regard to the average age or stability of stock; this information would have been easily obtained if farmers generally made it a practice to replace animals that had reached a certain age. Very little information capable of forming a reliable basis for generalization could be obtained regarding the amount of outdoor life allowed to cattle in various districts. On some farms cattle are kept in the open as much as possible, but I have so little information regarding the majority of farms that it is not possible to estimate how far the practice influences the incidence of tuberculosis. The keeping of cows in the open all the summer and whenever the weather permits is certainly not sufficient to prevent the occurrence of tuberculosis, for I have clear statements regarding ten farms where the practice was adopted, and in seven of these farms tuberculosis of the udder was observed. On two of these tuberculosis of the udder was detected twice. There were, altogether, 125 cows on these seven tuberculous farms, and among these cows eight cases of tuberculous mastitis were clearly demonstrated; two probable cases escaped detection. Of these seven farms, three were quite satisfactory from a sanitary point of view, one was moderately good, and three were bad.
With regard to the breed, there is nothing in the evidence at my disposal indicating that the prevalence of tuberculosis in any district had any relation to the breed of cattle. On the great majority of farms all through the area the herds were composed of animals of various breeds.
In the case of twenty-six out of 292 tuberculous farms there is a clear statement that the whole or part of the cattle were home bred. This is sufficient to prove that the practice is not uncommon, but I have no means of ascertaining whether there was any difference in that respect between tuberculous and non-tuberculous farms. With regard to the general state of shippons, their ventilation and cleanliness, the general state of the cows, and their approximate age, I have somewhat more complete information. In most cases this information is in the form of an expression of opinion, but, the opinion being that of an experienced veterinary surgeon (Mr. Brittlebank), and generally based on repeated inspection, it is probably more reliable than records of figures collected by less reliable observers. Moreover, it was only after obtaining the whole of the information about farms, not arranged in any definite order, that I classified all the facts, so that no preconceived idea could have materially influenced the record.
Out of 397 schedules relating to an equal number of farms, I had to exclude twelve which were tQo incomplete to be of any use. This left 385 farms available for the purpose of the investigation. Of the 9,283 cows on these farms, 1,017 have been found to show some evidence or othe rof abnormal conditions of the udder, and 287 have been proved to be actually suffering from tuberculous mastitis. These results refer to the years 1896 to 1909, during which each of the 397 farms has been inspected more or less continuously during periods ranging from two to twelve years.'
In estimating the proportion of infected animals it is important to keep in mind the fact that during a period of twelve years the dairy stock of many farms had been entirely renewed. Even in the case of farms which have been inspected during shorter periods, it is probable that the composition of the stock was not exactly the same at the beginning as at the end of the period. This want of stability, and the different practices adopted with regard to the renewal of old stock, make it impossible to estimate exactly the case incidence of tuberculous mastitis. The estimate of the proportion of infected farms is not vitiated to the same extent by the movements of the stock, although it is obvious that the chances of infection by the occasional introduction of tuberculous animals are The periods during which the farms were inspected are as follows: increased when animals are frequently bought and sold. On the other hand, it is well to remember that when cows are allowed to age on an infected farm, the proportion of tuberculous animals increases with the age of the stock. I have published elsewhere statistics relating to several herds, in which I found that less than 50 per cent. of the cows under five years were affected with tuberculosis, while more than 50 per cent. of the cows above five years of age were affected with tuberculosis. These statistics were based upon the results of the testing of 362 cows with tuberculin, confirmed by post-mortem examination in every case.' Whatever may be the disturbing influences of these various irregularities, it is obvious that if the situation of the farm, the state of the shippon, and the general condition of the animals, have a material influence upon the prevalence of tuberculosis, this should appear clearly when the characters of the farms which have been found free from tuberculosis are compared with those of the tuberculous farms.
To facilitate this comparison, I have tabulated the information at my disposal as follows :-I have divided all the farms into two groups: (a) Farms which were never found to produce tuberculous milk, (b) farms which were found to produce tuberculous milk. The farms (77) included in Group A, not being numerous enough for subdivision into many latitudinal groups, have been divided into two divisions, the first corresponding to latitudinal Zones III to XIX, and including the Manchester farms with the exception of the suburban farms on the south of the city. The second division corresponds to latitudinal Zones XX to XXXI, and includes all the farms situated south of Manchester. The number of farms (385) included in Group B was large enough to be subdivided into five divisions. The first division of this group (III to XIX) corresponds exactly to the first division of Group A, and includes all the Manchester farms and those situated north of Manchester. It also corresponds to the three upper divisions in Table VI . The other four divisions correspond to the nine lower divisions in Table VI , and comprise all the farms south of Manchester, including the southern suburban farms. The data relating to the farms situated in each of the divisions are classified as follows:-(I) State of the cowshed as indicated by (1) general condition of the buildings; (2) cubic space and ventilation under the head of ventilation; (3) cleanliness.
(II) State of the cows: (1) approximate age; (2) general health and nutrition, generally spoken of as condition of the animals.
(III) Number of cows on the farm.
(IV) Number of cows showing some sign of disease of the udder.
(V) Number of cows proved to be affected with tuberculous mastitis.
In order to indicate the state of the shippon and of the stock, I adopted the following device. The state of things recorded under each question in the schedules was classified under three heads:
(1) Very good, good, or satisfactory; (2) fair, moderate, or indifferent;
(3) very bad, bad, unsatisfactory or poor. This classification was not practicable with regard to the age, which I grouped as follows: Young or under 5; uncertain or middle-aged, or mixed when the proportion was not given; old, or over 8 years. Old does not, of course, mean that all the cows kept in the shippon were old, but that many were.
Having thus ascertained for each category the proportion of shippons that were unsatisfactory or bad beyond doubt, I found the proportion existing between these unsatisfactory shippons and the total number of shippons available for the study of each special feature. The shippons with regard to which I had no clear information, either good or bad, were excluded. The results of this part of the investigation are summarized in Table VII (pp. 236-7) .
Before proceeding to a discussion of the meaning of the facts recorded in Table VII , I must explain that the shippons included in the latitudinal Zones III to XIX in Groups A and B are nearly all situated in Manchester, or in the immediate neighbourhood of the town, and that they are those remaining after a great number of unsatisfactory shippons had been closed during the first years of the period under consideration. These farms are, therefore, selected farms; moreover, most of them have been improved under the supervision of the Health Department. With the exception of some farms in Zone XX, very few of the other farms included in the table were so completely under the control of the authority. The contrast between the two classes of farms is well shown by the two Divisions III to XIX and XX to XXXI, in Group A (non-tuberculous farms); the contrast is also evident when Division III to XIX is compared with the four Divisions XX to XXXI in group B (tuberculous farms). The averages for A and B are distinctly affected by the improved state of the Manchester farms. An idea of their original state may, however, be gathered from the figures showing the number of cows, the udders of which were under suspicion when the farms were first examined. 
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Average number of cows per farm 20 20 25
It would appear from this that in every respect the shippons which were found to produce tuberculous milk were worse than the others. But if, instead -of comparing the averages only, one compares in each group the state of the tuberculous and non-tuberculous farms in various latitudinal zones, it becomes evident that the averages do not convey the whole truth, for if the non-tuberculous farms situated south of Manchester (Group A, Division XX to XXXI) are comnpared with the tuberculous farms also situated south of Manchester, one finds that the tuberculous farms in Zone III to XIX, XX to XXI and XXII are really more satisfactory than the non-tuberculous farms in Zone XX to XXXI, and that it is only south of Zone XXII that the tuberculous farms are worse in every respect than the non-tuberculous farms (not including the Manchester farms).
Another unexpected fact is obvious. Of the five divisions of tuberculous farms, the one corresponding to Zones XXIII and XXIV is undoubtedly the worst, while Division III to XIX is distinctly the best; but notwithstanding the considerable differences indicated in the table, the number of cows with tuberculous udders per cent. of the total number of cows is about the same in all the zones. The same may be said of the cows suspected of disease of the udder: there are slight differences, but these do not correspond in the least with the condition of the farms in the respective zones. I do not think that the differences in these percentages should be taken to indicate important differences in the incidence of tuberculosis, as they may possibly be affected by the more frequent inspection of the proximal farms, which would almost certainly lead to the discovery of some few cases overlooked in the first visits.
It is, however, clear that the condition of the farm, though important, is not the dominant factor, and this makes it necessary to believe in the existence of some cause capable of overpowering the most favourable conditions, and practically independent of the most influential predisposing factors, to account for the focal distribution of cases of tuberculous mastitis.
(7) ACTIVELY AND POTENTIALLY INFECTIVE CASES OF TUBERCULOSIS.
A careful consideration of the statistical facts recorded in this paper, and of facts which I have observed in connexion with a number of farms that I have been able to study closely, has led me to the conclusion that cows in a state of advanced tuberculosis, and emitting discharges loaded with tubercle bacilli, constitute the chief factor determining the distribution of bovine tuberculosis. The number of cows suffering from tuberculosis is so great that there are very few farms that are entirely free from tuberculosis, but so long as the tuberculous lesions are confined to the serous membranes, bones, lymphatic glands, or viscera, and have not ulcerated, they retain their bacilli. Cows affected with these closed lesions, though potentially infective, are not important sources of infection. When, however, the disease has given rise to ulcerative lesions of the lungs, alimentary passages, genito-urinary passages, or udder, products containing tubercle bacilli are discharged by the animal, the surroundings of which become rapidly infected. As the disease advances there comes a stage when the quantity of tubercle bacilli so discharged is inconceivable. To obtain some information upon this point I have carefully watched a cow affected with pulmonary tuberculosis. For more than six months before its death it had a troublesome cough and at times expectorated some muco-purulent discharge; this was not, however, a conspicuous feature of the case. For four months the milk obtained from two quarters of its udder was loaded with tubercle bacilli, and during the first two out of these four months the supply was abundant. After a time a third quarter began to secrete tuberculous milk. One month before it was killed this cow begun to suffer from incoercible diarrhoea, which continued till its death. The quantity of fluid feecal discharge evacuated by this cow was considerable, and yet almost every drop of this fluid was loaded with tubercle bacilli. The whole floor of the shippon was either covered or splashed over with this fluid, and if I had not prevented it, the litter soaked with this tuberculous material would have been thrown upon the adjacent pasture land on which other cows were grazing. I have not measured exactly the amount of fluid faeces evacuated by this cow, but estimated roughly that the amount exceeded one gallon a day. It is easy to conceive how the presence of such a cow in a herd even for a period of a few weeks would be sufficient to infect both shippon and pastures to an extraordinary extent. In a well-kept farm such a cow would probably be isolated fairly early, but not before some mischief had been done. In a spacious, well-ventilated, clean shippon, tuberculous discharges would probably not be allowed to accumulate and to contaminate to a very material extent the food or litter of the other cows. In a badly constructed, ill-ventilated, dirty shippon, infection would be practically certain. But whether the-shippon was clean or dirty, it is probable that no precautions would be taken with regard to the litter and washings from the shippon, and that considerable quantities of manure would be infected by admixture with this material. Apart from this, the cow might infect pastures directly, and this infection would persist for a considerable time. It is generally known that desiccation or putrefaction do not affect the vitality or virulence of the tubercle bacillus for weeks and months. I have made an experiment which proves that sero-purulent discharge from a tuberculous udder kept for nineteen months (part of the time at the ordinary external temperature, but mostly at temperatures .varying between -40 C. and + 6°C.) was still virulent at the end of that period. This milk had been left in the bottle in which it had been originally collected, and it contained other bacteria than the tubercle bacillus. The tubercle bacilli had retained their usual characters and reactions, and their virulence was not very materially diminished. They gave rise to very extensive lesions in inoculated animals.
The extraordinary masses of bacilli which can be emitted by a cow in a state of actively infective tuberculosis, and the great resistance of the tubercle bacilli, whether they be contained in dry or moist products, are, I think, sufficient to explain the comparative independence of tuberculous infection from predisposing causes. I say comparative, because I do not wish it to be inferred that predisposing causes are without effect: I have given evidence to the contrary. I was so convinced in 1897 of -the effects of infection of shippons and pastures by cases of advanced tuberculosis that in conducting the Ford Bank experiment' I began by eliminating all cases of advanced tuberculosis, separating from reacting cows all the animals that did not react with tuberculin, housing them "The Stamping-out of Bovine Tuberculosis," Trans. of the British Congress on Tuberculosis (State Sect.), Lond., 1902, ii, pp. 235-82. in sheds that had been thoroughly disinfected, and not allowing these animals to graze in pastures that had already been used by tuberculous animals. New stock that had not yet passed the tuberculin test twice was not allowed to mix with these sound cows. In this way I cleared from tuberculosis a herd of twenty-seven head of cattle in one year, and no fresh case occurred during a second year, although over 61 per cent. of the original stock were tuberculous. The same method has been used since under the supervision of Mr. Brittlebank at a large farm (120 cows) supplying milk to the hospitals under the Manchester Corporation. This farm has now been kept free from tuberculosis for several years. I am convinced that the success of the work done by the Manchester Sanitary Committee for reducing the amount of tuberculous milk supplied to the town is mostly due to the removal of actively infective cows and to a diffusion of the knowledge of the danger connected with the keeping old cows.
(8) GENERAL CONCLUSIONS.
The evidence analysed in the previous pages, though incomplete, is, I believe, the best available at the present time for the purpose of estimating the causes of the unequal distribution of bovine tuberculosis.
Notwithstanding the incompleteness of my data, I believe that certain conclusions can be based on them, and I think that anyone willing to take the trouble of considering fully the facts collected in this communication will find it difficult to come to other conclusions without neglecting some of the facts. If I am mistaken, there shall still remain to me the consoling thought that I have brought before you a number of facts that cannot fail to prove useful to others interested in the prevention of tuberculosis.
There might be some justification for my taking this opportunity to insist once more upon the advisability of adopting the thorough measures which I have advocated during the last fourteen years for stamping out bovine tuberculosis. I think, however, that it is undesirable to lengthen this communication.
The evidence obtained so far shows that bovine tuberculosis is, on an average, more prevalent in districts where shippons are generally in a bad state, small or badly ventilated and dirty, and where also it is the usual practice to retain many aged cows on the farms. It is, however, equally clear that there are districts where the farms exhibit all the defects above mentioned, and yet have remained free from tuberculous mastitis; on the other hand, there are districts in which the farms were free from these defects, and where many cases of tuberculous mastitis have been observed.
It does not therefore appear safe, under the present conditions, to rely chiefly upon ordinary sanitary measures for the purpose of controlling bovine tuberculosis. The partial or complete failure of -ordinary sanitary measures indicates that the action of the infective material is more or less independent of these meuAires, when it is either very abundant or very virulent. There was no reason to believe that the virulence of the tubercle bacillus was materially affected by the localities investigated, but we know that cows with ulcerating lesions-i.e., cows in the actively infective stage of tuberculosisare capable of emitting, and do emit, an extraordinary number of tubercle bacilli.
From this I am led to the conclusion that bovine animals suffering from ulcerative tuberculous lesions, more specially of the respiratory orgats, alimentary canal, genito-urinary or7gants and udder, constitute the chief factor determining the excessive prevalence of bovine tuberculosis in certain districts.
This conclusion indicates the great importance of inspecting every animal, of removing without delay all those that are actively infective, and of not allowing healthy animals to remain in places that have been infected, so long as these places have not been treated so as to remove as far as practicable the dangers of infection. All animals affected with tuberculosis are potentially dangerous, and as their age advances the chances of their becoming actively dangerous increases; it is therefore desirable, so long as bovine tuberculosis has not been stamped out, to reduce as much as possible the number of old animals.
I hardly need to attract your attention to the bearings which these conclusions have upon the control of human tuberculosis. The importance of the removal of infective cases of tuberculosis indicates the desirability of segregating cases of advanced tuberculosis.' These cases generally are actively infective, and I am inclined to believe that more could be done towards the future control of human tuberculosis by providing suitable homes for infective cases than by the treatment of "I It is obvious that segregation is necessary only when patients are unable, owing to their circumstances or education, to observe or to understand the precautions which they must take to protect their neighbours. I need not say that I am not an advocate of harsh measures of segregation. I have previously advanced the same views in an address delivered before the North Western Branch of the Society of Medical Officers of Health."-Public Health, April, 1899. Epidemiological Section 243 early cases. Both things are good, but prevention would ultimately render treatment unnecessary and prevent an amount of suffering that treatment can only reduce. The provision of means of prevention need not interfere with the provision of means of treatment.
ADDENDUM.
To prevent any misconception as to the bearing of this commiunication upon the question of the administrative prevention of bovine tuberculosis, I wish to state emphatically here that in my opinion none of the facts brought out in this paper would justify the view that the adoption of partial measures can be trusted to yield satisfactory results. To make my position clear I repeat here some of the conclusions given at p. 414 of the Annual Report of the Medical Officer to the Local Government Board for 1908-9:
(18) So long as the presence of tuberculous cows, and more especially of aged tuberculous cows, is tolerated in our herds, a certail, amount of tuberculous infection of the milk supply is inevitable. The elimination of cows with tuberculous udders undoubtedly removes the most material and dangerous source of infection, but it is only after the miilk has become infectiouts that these cows are detected. Frequent inspection is therefore indicated under the present system of control.
(19) Preventive methods based upon the state of the milk or of the udder cannot give results equal in value, either from an agricultural or from a publichealth point of view, to those that could be obtained by methods having for object the eradication of bovine tuberculosis. The latter, though more costly at first, would yield more permanent benefits, and finally be less onerous. ' (20) Measures having for object the control of milk supplies, to be efficient, must be carried out uninterruptedly year after year, very systematically, and over fairly extensive continuouts areas.
As this aspect of the question is not discussed in the report, I must refer the reader to a paper bearing upon it in the Transactions of the British Congress on Tuberculosis (State Section), Lond., 1902, ii, pp. 235-282. 
DISCUSSION.
The PRESIDENT (Dr. Niven) said the Section was extremely indebted to Professor Del6pine for his elaborate and careful analysis of such a great mass of material. He must have expended very great labour in going through the details and sorting them out. The careful observation of the facts day by day for thirteen years, and the arrangement of them so as to bring out the chief points, constituted a very fine piece of work.
Dr The milks were all mixed ones, taken from churns; and the experience of the gentleman who had that matter in charge was that microscopical examination afforded no information of value with regard to whether the milk contained tubercle bacilli or not. He believed that only in about 8 per cent. of the milks which were found, by inoculation, to contain tubercle bacilli, the bacilli had been found by the microscope. The proportion of milks containing tubercle bacilli fluctuated considerably in the markets which supplied London. In successive series of 500 samples it hovered about 10 per cent. He feared that, notwithstanding the energetic action of the Council's officers, the results had not so far shown any material improvement during the nineteen months. That summed up all the special knowledge he had on the subject; everything else was what he had learned from friends who had had greater opportunities and experience concerning milk; and amongst those he included Professor Delepine, to whom a great debt was due for having during the last ten years accumulated such valuable data on the subject. Professor Delepine was peculiarly fortunate in having been associated with such a progressive city as Manchester, and such an enlightened health authority. Professor Delepine's principal thesis that evening, although he had traversed a much wider range, was the distribution of tuberculosis in farms in the neighbourhood of Manchester; and he had endeavoured to analyse what data he had at his disposal as to the correlation between the proportion of tuberculous farms and any other facts. It seemed unfortunate for that purpose, although it was inevitable in the nature of the data, that a red spot meant a farm which was found to have tuberculous cattle over a period of ten years. Many of those farms, he presumed, must have been examined on more than one occasion. So that there was a collection of farms some of which might have been examined many times, and others which might have been examined only once. So there would be a tendency to find tuberculosis in the neighbourhood of Manchester and the other places which were easily accessible for frequent examination. He gathered that Professor Delepine's opinion was that there was a definite correlation between tuberculosis in the farms and general mismanagement of those farms. One point which had particularly interested him was the apparent correlation indicated between tuberculosis and the age of the cows kept; there seemed to be a tendency in the less well managed and presumably less flourishing dairies to keep old cattle. Tuberculosis in cattle differed from the disease in man in that it was usually not acute, but progressed gradually, and was at its worse in old age. He was ignorant as to precisely how long, in health, a cow could be used economically for dairy purposes, but he believed it to be not more than six or eight years. The great obstacle to the eradication of tuberculosis which had to be contended with was that a young tuberculous cow which reacted to tuberculin bad a fairly long economic career in front of it, if one neglected the risk of having tubercle bacilli in the milk. He would be glad if Professor Delepine or anyone present would tell him of further reliable data as to the proportion of dairy cattle which were the subjects of tuberculosis-i.e. reacted to tuberculin.
Sir SHIRLEY MURPHY said there was such a wealth of detail in the paper that it was difficult to discuss the whole of it. Professor Delepine was to be congratulated on the enormous amount of labour which he had put into the contribution, and the thesis would stand as a work of reference for any other community which desired to work on the same lines. The most hopeful feature about the figures presented was the reduction, not only in the proportion of farms which had tuberculous milk, but in the lesser degree of infection of the inoculated animals as manifested in the later years. If one could translate that into less risk of infection of human beings, it should be a considerable factor in improved health among the people of Manchester. He feared that London could not be dealt with on precisely the same lines of record; the Metropolis drew its milk from such a wide area that it would take a long time to accumulate anything like the facts which Professor Delepine had placed at the disposal of the profession concerning Manchester. He wished Professor Martin had had an opportunity of looking over his notes, showing the results of his examinations of tuberculous milks; but perhaps the Section could hope for something from Professor Martin at a later date.
Mr. M. GREENWOOD, Junr., said he would like to mention one or two minor statistical points. One was as to whether there was any relation between altitude and the prevalence of tuberculosis. Professor Del6pine had stated that that relation was a very small one, but he (the speaker) believed a definite relation had been established by Professor Del6pine's work. For example, if one took Table VI and reduced the figures from the percentages, and instead of malLing a division into three or four groups one divided them into two, which was a statistical advantage, because the two groups had comparable numbers in them, both of which were large, it worked out as follows: If one took the farms at the 300 contour line or over, there were 751 of them, of which 147 showed tubercle, while below the 300 line there were 483, of which 122 were tuberculous. Expressing these figures as percentages, the lower-level farms showed 25-26 per cent. and the higher-level farms 19'57 per cent. of disease. Of course, the difference was not very large, but it was more than a quarter of the smaller value, and the actual number of observations was fairly large, so that the difference found could scarcely be regarded as within the statistical error.' Working it out more elaborately and determining the correlation between altitude and freedom from tuberculosis, this came to about 0-13, which was extremely small, but yet nearly three times the size of its probable error, and suggested there was a slight positive relation between the two events. The fact that large numbers of cases occurred in high altitudes was not unfavourable to the conclusion, but simply suggested that in a given area, other things being equal, altitude was favourable. With regard to the last table, he was wondering whether the influence, which, he gathered from Professor Delepine, was small, between the condition of ventilation and cleanliness, &C., and tuberculosis would not be better shown by a sort of intensive study of the figures, rather than by those general tables, because they brought out the enormous differences when taking facts from different areas. For example, simply taking the last column and considering the farms upon which tuberculous udders had been found, it suggested that the dirtier the farm, the smaller the percentage of tubercle existing in it, because the first two gave 4 per cent. of tuberculous mastitis, the corresponding percentages of dirty farms being 30 and 37, while the groups with 54, 74, and 68 per cent. of dirty farms gave 3, 3 4, and 3'8 per cent. of tuberculous mastitis. He would have thought that the data from adjaceent squares might be worked out, for example, 22, 23 and 24; there were in them 129 cowsheds and a considerable number of cattle. From the information collected on Professor Delepine's schedules, one could get a measure of the relation between the various conditions, the general management of the farms, and the prevalence of tuberculosis within the area in adjacent squares i.e., the beterogeneity would be eliminated. In that area it might be possible to measure by the method of correlation the relation between dirt and the progress of the disease. In the general figures, however, that connexion, if it existed, was quite obscured.
Dr. MEREDITH RICHARDS asked whether Professor Delepine could say what results one might hope to obtain if the clinical method were adopted of eliminating tuberculous cows from herds-i.e., if the plan were adopted of getting a quarterly inspection of dairy cows by a veterinary surgeon. He meant not as 5.7 ± 13. regards elimination of tubercle from the whole of the stock, but what the immediate effect would be on the milk supply. For some years past they had tried in their own sewage farm to get a tubercle-free herd, but so far the results of that had been disappointing, for it had happened from time to time, when some of the cows were slaughtered, that they had been in an advanced stage of tuberculosis. He did not know how that was to be accounted for, unless it was that they ate sewage-contaminated grass. Dr. G. S. BUCHANAN desired to add his tribute of admiration to that expressed by other speakers concerning the paper. Looking to all the enormous work represented by the paper and the interesting general results which had been set forth, he could not help the reflection that if Professor Delepine had had at his disposal statistics of information which had been collected systematically from farms in particular areas, all of which had been examined by the same method and could be compared, the results would have been even more valuable. He wished to ask a question concerning the evidence of there being something like a definite factor of infection belonging to particular districts or neighbourhoods. He gathered that Professor Delepine considered there were different degrees of infection characteristic of different areas; for example, there was a great difference in regard to prevalence of udder tuberculosis between the districts north of Manchester and those south of the city. If a particular farm adjoined a farm which had infection, was that particular farm assumed to be more likely to give infected milk than a similar farm in another neighbourhood, and surrounded by farms which were free from tuberculosis ? That seemed to be important in connexion with certain of the arguments used in the paper. The square areas were judged, and conclusions were drawn, from farms which happened to send to Manchester milk which was detected to be tuberculous. Might it not be a very fortuitous matter in groups of such squares what proportion of those farms sent infected milk to Manchester ? Again, there was some difficulty in drawing inferences from the facts in Manchester and those in other towns, such as Derby. A district which sent milk to Manchester was compared with one which sent milk to Derby by the results of the examination of the milk in those places, but it did not appear that the farms in question were the same, or comparable, and one did not know one was comparing anything like the same proportions of milk. With difficulties of that sort, which were inseparable from such an investigation on the data at present available, it was going somewhat too far to enter into speculations from the figures, as Mr. Major Greenwood did, concerning the effect of altitude, &c. If, however, the paper possessed speculative features, it would be admitted that there was no one whose work gave him a better title to indulge in them than Professor Delkpine, and that his impressions on these matters must be of great utility.
Professor SIMPSON asked whether the statistical matter was followed up by a history of the cows in the several farms in regard to their origin and movements, and in relation to other infected cows. He wished to add his congratulations to the author. If such a map as he had published with the paper were put in the House of Commons, he thought the members of that House would be anxious to pass the Milk Bill more readily than they seemed disposed to do. Dr. COUTTS said he had been associated with Professor Delepine in the early days of this investigation, and what struck him on hearing the paper was the great perspicacity which he had shown in his methods; at the beginning he adopted the methods which he had carried through to the end. He must have surveyed the question very carefully before commencing his investigations, and the fact that there had been no change of method made his statistics of all the more value. He wished to ask the author whether he had been able to differentiate, or trace how far any error in the examination of the mixed milks had occurred through infection of mixed milk through tuberculous material from the bowel, as apart from infection from the udder. At times mixed milk had been found to be tuberculous, and on going to the farm the inspector had failed to find a cow with a tuberculous udder.
The PRESIDENT repeated the indebtedness which the Section was under to Professor Delepine for his mass of careful work. Whatever the defects in the material upon which the Professor was working, and unfortunately much of that mat'erial was not as certain as the Professor's own experiments, he was fairly entitled to say that he had established the aetiological point that infection was a dominant element. A word used by Mr. Greenwood, Junr., might profitably be extended in the matter-namely, "management," and it might be held to include the feeding of the cows. There seemed little doubt that the manner in which a farmer fed his cows largely influenced the amount of tuberculosis which prevailed. The age of the cows was also imporfant. Old cows were much more liable to tuberculosis than young ones, and a farmer who knew his business tended to collect young cows; so that if in the Manchester district there were a lowering of the average age of the cows, there would be less liability for tuberculous milk to be imported into the city. That was what had largely happened, owing to the work done by veterinary surgeons in advising farmers to reduce the age of their cows. And that received additional weight in that Professor Del6pine had shown, in his experiments with a herd, that in that way alone could the operation of the eradication of tuberculosis from herds be economically conducted. So it was not merely that the farmer ceased to supply tuberculous milk to the same extent as formerly, but in a more economical manner, by lowering the age of the cows. The third important matter was the cleanliness of the building 'and the enforcement of that cleanliness: that was of vital moment. If the analysis brought one round to that point, it was in consonance with commonsense. It was of great value to have had such a critical survey of the subject.
Dr. S. DELEPINE: In replying to the remarks which have been made, I must, in the first instance, thank the President and the various speakers for the kindness and generosity with which they have treated my communication.
For the purpose of indicating the source of my data I have been obliged to refer to many points which could not possibly be discussed in the time at my disposal, and several of these side issues have been made the subject of remarks which will force me to include in my answers subjects which did not form an essential part of my paper. The object I had in view was to discover whether the data which I had accumulated in connexion with the examination of cows' milk gave some indications as to the factor or factors which had the greatest influence in determining the remarkable inequality of distribution of bovine tuberculosis, tuberculous mastitis being taken as the index. In preparing this paper my aim was to avoid the administrative aspect of my work, and to discuss bovine tuberculosis from a purely epidemiological point of view. It seemed to me that the outcome of such an investigation might not be without bearing upon the question of human tuberculosis. I could not, however, avoid referring to the administrative work done in Manchester, as it was obviously necessary that I should clearly indicate the source of my data. I was much interested by Dr. Martin's remarks; his experience with regard to the testing of samples of milk sent to the Lister Institute by the London County Council is very similar to the Manchester experience between the years 1900 and 1904, so far as the percentage of tuberculous milk is concerned. The statistical results obtained by comparing successive series of 500 samples of mixed milk cannot be expected to show any regular tendency so long as the whole, or the greater part, of the London milk supply has not come under control. Sir Shirley Murphy has to deal with such an immense area that it will take him a considerable time to cover the whole field. He can be heartily congratulated on the very large amount of work which has been done during the last two years. The number of samples tested yearly in London is at present about four times the number examined in Manchester each year, and yet this number is proportionately to the population smaller than that examined in Manchester. Before the results obtained in London can be fairly compared with those obtained in Manchester, the number of samples examined in London will have to be considerably increased.
It is much to be regretted that Parliament should have withheld from Sir Shirley Murphy the additional weapons which would have given him the means of making better use of all this work than can be done under the present conditions. In this Manchester is certainly more fortunate. The magnitude of the task of supervising the milk supply of large cities is such that one is driven to the conclusion that much of the work of direct inspection must ultimately be conducted by authorities having a direct control over the milk-producing districts; this would leave much for the municipalities to do, for they would still have to satisfy themselves that the local work was well done, and if the inspection of cowsheds by county and other local authorities were conducted MY-li by experts, trusting to mere clinical inspection, and not able to use the more accurate methods of diagnosis, this system would give so little guarantee of security that the work of municipalities would not be materially reduced. I fully agree with Dr. Martin when he says that it was unfortunate, though inevitable from the nature of the data, that the spot map of tuberculous farms should relate to a period of over ten years. Obviously it would have been much easier to deal with the results if the 30,000-odd cows housed in some 1,613 farms had all been inspected in one or two years, and if all the milk had been tested during the same period. It would then have been possible to get a very exact idea of the distribution of tuberculosis at a given moment. But unless all the cows had been tested with tuberculin, and the old cows submitted also to a complete clinical examination, the majority of cases of tuberculosis would have escaped detection. The examination of milk can only be used as the means of finding a certain proportion of cases of more or less advanced tuberculosis, and, as I have pointed out in my paper, the only accurate administrative method available in England at the present time for the purpose of estimating approximately the prevalence of tuberculosis is the bacteriological examination of the milk. If all the farms had been examined in a short period, many tuberculous cows, whose udders had not yet, at the time of inspection, become diseased, would have remained undetected. I think, therefore, that the disadvantages attached to the longer period are more than compensated by the advantages derived from the repeated examination of farms. The fact that some of the farms were inspected more often than others does not affect the results as much as would appear at first sight. I naturally paid much attention to this point, and have prepared tables and maps corresponding to several short periods into which I have subdivided the whole period of thirteen years. The indications given by these fractional statistics are the same as those given by the lumped figures for the whole period. This is true of every part of the milk-supplying areas, and is well shown in the reproduction on a larger scale of one of the 16-square-mile areas, entering into the composition of the map of the whole area' (see diagram, p. 251). The inspection of the farms during the whole period has been so managed that most farms have been inspected several times at intervals sufficient in most cases to permit of the extension of tuberculosis to the udder in the case of cows that were only slightly affected with tuberculosis at the time of the earlier visits. It is not easy to differentiate clearly in the general map the farms which have been found tuberculous only once and those that have been found tuberculous more than once; this, however, is not necessary to indicate the distribution of infected farms. I have, however, in Table VII (C) given data relating to the farms found tuberculous more than once. Mr. Greenwood's criticisms of the constitution of some of my statistical groups are, I believe, in great part based on a misunderstanding of the nature of my data, and of the objects which I had ' Reproduced from the Transactions of the Manchester Statistical Society, November, 1909.
DIAGRAM.
One sixteen-square-mile area (XXI, M). Showing the results of the inspection of the farms supplying milk to Manchester during the fourteen years 1896-1909 (inclusive) . Divided into four periods: A-1896-1902; B-1903 and 1904; C-1905 and 1906; D-1907 . in view. I have not stated in any part of my paper that altitude had no effect upon the prevalence of tuberculosis. I have only said that the effects indicated by the altitude data at my disposal were insufficient to explain the differences observed between various districts. The utmost difference between the farms situated below the 300 ft. line and those at 300 ft. or more is that indicated by the difference between 26'2 per cent. for the first and 19'2 per cent. for the second group. The regrouping suggested by Mr. Greenwood for the purpose of showing that altitude has a distinct effect reduces the difference to one between 25 2 per cent. and 19'5 per cent. The differences brought out by either method are small when compared with that between 10'5 and 29'7, which are the percentages obtained with regard to certain districts north and other districts south of Manchester irrespective of altitude. Moreover, the differences between the maxima and minima in each altitude group are so great that one is led to doubt the practical value of the averages, and this difficulty remains whatever method of grouping is adopted. Therefore, although the figures suggest that altitude within the limits in question has some effect, I maintain that the figures do not give any support to the supposition that this effect is sufficient to account for the inequalities of prevalence in various localities. Mr. Greenwood's references to Table VII were influenced by his belief that the figures given in the last column had a rigidity which they have not. If he refers to Table V and to the averages given in Table VII for all the non-tuberculous farms and all the tuberculous farms respectively in regions north and south of Manchester, he will find that a clear difference in favour of the farms well managed is indicated. The figures in the last column but one on the right (Table VII) which have attracted specially his attention refer only to the number of tuberculous udders which have actually been found on the infected farms by the veterinary surgeon. I say clearly in my text that little importance should be attached to small differences in these percentages, because the. data upon which they are based are only approximately comparable. The application of rigid statistical methods to data of this kind would not only be a waste of time, but might lead to very erroneous conclusions. If, apart from the keeping of infective animals, the general management of the farm had had a dominant influence upon the prevalence of tuberculosis, this would have been indicated by differences in the percentages so marked that the errors I have alluded to could not have obliterated them, for the differences which have to be accounted for are, as I have shown, very large. The approximate uniformity of the percentages obtained with regard to groups of farms which are so differently managed shows that something else than general management, including state and size of buildings, ventilation, cleanliness, general condition of stock, &c., is the dominant factor, but this does not prove that management is without effect. I quite agree with Dr. Buchanan that it will be impossible to obtain quite satisfactory statistics regarding the distribution of bovine tuberculosis until every farm and cow within a definite area have been thoroughly inspected and tested. This is a view which I have myself advanced on more than one occasion since the year 1892, but as this would involve the existence of power and means of inspection which do not exist at the present time, and which may not be available for some time to come, it appeared to me that my facts, incomplete as they are, might, in the absence of more satisfactory information, prove useful. The question of the possible influence of a tuberculous farm upon neighbouring farms is one which at one time appeared to me to be of importance. Some of my early observations upon the grouping of tuberculous farms had led me to believe that there was some evidence of farm-to-farm infection. UTnder that impression I made inquiries to discover how such an infection could take place. I found that there was usually very little exchange of cattle, fodder, manure, &c., between adjacent farms, and that the use of common grazing fields was very unusual-.
But as my data accumulated I realized that even in the worst districts there were groups of farms which remained for years unaffected, although they were in the vicinity.of farms severely affected; and I finally came to the conclusion that although infection from farm to farm is not impossible, it is not of common occurrence. A connexion between non-tuberculous farms and neighbouring tuberculous farms has on several occasions been clearly brought out with regard to the supply of tuberculous milk, but this was due to the fact that some farmers who had run short of milk had made up the deficiency by obtaining milk from a neighbour who happened to keel) a cow suffering from tuberculosis of the udder. On more than one occasion a non-tuberculous farm has been found to send to Manchester tuberculous milk which, on investigation, was traced to a neighbouring tuberculous farm. This indicates one'of the possible ways in which a non-tuberculous farm might be infected by a tuberculous farm. Dr. Buchanan suggests that the proportion of tuberculous milk sent from a certain district to Manchester and some other towns respectively might be fortuitous, and that there was nothing to show that the farms sending milk to the two were the same or comparable. Chance could certainly not have been excluded if I had dealt with a single district supplying two towns only, but by referring to Table IV in my paper Dr. Buchanan will see that the results recorded have a more general character. In the first instance the facts relate to three perfectly distinct districts all fairly limited. The northern district supplied Manchester and town A. The eastern district supplied Manchester and towns B and C. The southern district supplied Manchester and town D. The tests were all made during a period of two years; each sample corresponded to one farm on which there were on an average from sixteen to twenty cows. The number of samples tested is given in the table; the smallest number relating to one town was forty-nine, corresponding to not less than 700 to 800 cows. The farms supplying Manchester and the four other towns were all different, but had that in cominon that they were respectively situated in one of the three selected areas. All the samples were collected according to my instructions and examined in my laboratory. Chance can hardly be supposed to account for the following facts:
(1) Ea.ch of the four towns received during the two years a larger proportion of tuberculous milk than Manchester.
(2) The proportion of tuberculous milk sent from the eastern district to Towns B and C was in eaclh case much greater than the proportion of tuberculous milk sent to M\anchester.
(3) The proportion of tuberculous milk reaching Manchester from each of the same districts bore a distinct relation to the amount of tuberculous milk supplied by these districts respectively to the four other towns.
I think it most improbable that suclh a series of concordant facts could be attributed to accident. It would be very interesting to know, as Professor Simpson suggests, the history of the cows on the several farms. It is, hlowever, obvious that the task of keeping a record of the history of some 30,000 cows supplying Manchester with milk is beyond the range of possibility at present. Some interesting cases have been kept under observation to study the mode of development of tuberculosis of the udder. In two or three cases evidence of healing has been observed, but in most cases of tuberculosis of the udder the history of the cow has been short, for, whenever possible, the animals have been slaughtered as soon as practicable.
Dr. Meredith Richards raises the question of the value of clinical examination for the purpose of eliminating tuberculous cows. This question is not within the scope of my paper. I may, however, quote some of the results given in my Report to the Local Government Board (p. 413). Out of 940 udders which, on clinical grounwids, it seemed desirable to examine for tuberculosis, only 242 were proved by bacteriological examination to be actually tuberculous. It is only fair to say that some of these udders showed very doubtful clinical evidence of disease, and were tested only to gain information. These figures give, therefore, a rather exaggerated idea of the failure of clinical methods; but I think I do not exaggerate when I say that not more than one third of the udders which had characters suggesting the possibility of tuberculosis have been found to be actually tuberculous. With regard to tuberculosis of internal organs, a comparison betwveen the results obtained by clinical examination and by tuberculin testing (confirmed by post-mortem examination) shows that the proportion of tuberculous cows that escape detection, when 'the clinical method alone is used, is very considerable. For administrative purposes the clinical method is quite insufficient and unreliable, and if adopted generally would give rise to serious difficulties.
As Dr. Coutts points out, in a certain number of cases the veterinary inspectors have not been able to discover a cow with a tuberculous udder among herds that had supplied tuberculous milk. I was at first under the impression that milk might be fairly frequently infected by tuberculous discharges from the intestine or genito-urinary passages, and sometimes also by other tuberculous discharges, fresh or dry. These sources of infection do not, however, appear to play a very important part. I have dealt with that point in detail in my report to the Local Government Board, and have found that when nothing interfered with the work of the veterinary inspector he was able to detect one or more cows with tuberculous udders in nearly every herd supplying tuberculous milk. An analysis of the results of the examination of 7,000 samples of milk showed that the infection of the milk was due to- In winding up the discussion Dr. Niven has very clearly indicated some of the most important issues raised in my communication. He pointed out that there was coincidence between common-sense reflection and my conclusions. It is a sign of the progress which has been made of recent years that it should be possible to express such an opinion, because at the time when my investigations were started, and for many years after, so much importance was attached to heredity, breed, housing, fresh air, feeding, &c., that the importance of the actual source of infection was at times almost overlooked. Even at the present time I doubt whether there would be many agriculturists who would be prepared to accept the views I am defending. Although, therefore, I am in perfect agreement with Dr. Niven, Dr. Martin, and Mr. Greenwood as to the importance of management of the farm, I would like to differentiate the elements of good management. Under management I presume that we must include everything that depends on the knowledge, activities, and care of the farmer, such as state of the sheds, ventilation, cleanliness, feeding, selection and disposal of stock, and prevention of disease. I have shown that the situation of the farm, including its altitude-which is beyond the control of the farmer-has not a paramount influence upon the prevalence of tuberculosis.
I have attempted to find which of the various elements that have to be considered in the management of the farm was the factor that had the greatest influence on the occurrence of tuberculosis, and I have come to the conclusion that this factor was the cow in the actively infective state of tuberculosis. In other words, although sources of tuberculous infection are probably present in most farms, these are fairly easily kept under control by ordinary methods of management; but if management does not include measures having for object the keeping of herds free from the presence of animals in a state of advanced tuberculosis, the best management fails to prevent infection. At present, good management as understood by most of the farmers and many of the authorities includes everything except:
(1) The precautions necessary to avoid the introduction of diseased animals into the herd.
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(2) The periodical renewal of stock so as to avoid the accumulation of cows laving reached the age at which tuberculosis becomes a serious source of loss and infection.
(3) The periodical inspection of herds so as to remove and isolate without delay all animals that might become a serious source of infection, and the adoption of other measures necessary to remove or sterilize infective matter.
If the thorough measures which I have invariably advocated for the stamping out of bovine tuberculosis were adopted, much of this work would be done automatically, under the supervision of the state, by local authorities; but so long as matters remain in the present state the farmer must be induced to exercise private initiative with or without the assistance of local authorities. Th-e chief argument of my thesis is therefore that massive infection diue to actively infective cases of tuberculosis constitutes the dominant factor determtininy the incidence of tutbercutlosis.
